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@ Process for preparing bisphenol A. 

@ This invention is a process for the preparation of bisphenol 
A from acetone and phenol. By this invention, the formation of 
by-products is extremely decreased and post treatment steps 
can be simplified. 

This invention involves the following steps. (1) One mole of 
acetone is reacted with 4 to 12 moles of phenol in the presence 
of a sulfonic acid type cation exchange resin catalyst modified 
with a mercapto group-containing compound such as mercap- 
toethylamine to convert 20 to 6OO/0 of acetone, and (2) the 
reaction mixture containing unreacted acetone is successively 
reacted in the presence of the hydrochloric acid catalyst. 

The formation of by-products such as 2-(2-hydroxyphe- 
nyl)-2-(4-hydroxyphenyl)propane, Dianin's compound and the 
like is remarkably reduced by the process of this invention. 
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Description 

PROCESS FOR PREPARING BISPHENOL A 



The present invention relates to a process for 
preparing bisphenol A of high purity, that is, 
2.2-bis(4-hydroxyphenyl) propane of high purity. 

Bisphenol A is used as a raw material for 
polycarbonate resins or epoxy resins. Colorless and 
highly purified bisphenol A is particularly required for 
polycarbonate resins. 

Bisphenol A is prepared by the reaction of 
acetone with excess phenol in the presence of an 
acid catalyst or a combination of an acid catalyst and 
a cocatalyst such as sulfur compounds. 

The reaction mixture contains, in addition to 
bisphenol A, catalyst, unreacted acetone, unreacted 
phenol, water and other by-products formed by the 
reaction. 

Principal components of the by-products are 
2-(2-hydroxyphenyl)-2-(4-hydroxyphenyl)propane 
(hereinafter referred to as o,p'-isomer) and 2,2,4-tri- 
methyl-4-(4-hydroxyphenyl)chroman (hereinafter 
referred to as Dianin's compound). Other compo- 
nents such as tris phenol, polyphenol and unfavor- 
able colored sustances are also included. These 
by-products deteriorate the properties of the resin 
prepared from bisphenol A. 

As the catalyst of the condensation reaction, 
hydrochloric acid and strongly acidic ion exchange 
resins have been known to date. 

When hydrochloric acid is used as the catalyst, 
the reaction can proceed at lower temperatures with 
successive crystallization of adduct of bisphenol A 
and phenol. In the course of the reaction, the 
o,p'-isomer in the mother liquor is converted to 
bisphenol A and hence the amount of the 
o,p'-isomer is decreased. The reaction with hydro- 
chloric acid catalyst, however, generates a large 
amount of Dianin's compound as a by-product. As a 
method for lowering the generation of Dlanin's 
compound, the addition of water has been disclosed 
by Progil in Japanese Patent Publication, TOKKO- 
SHO 40-7186 (1965). The addition of mercapto 
compounds has also been reported by Dow Chemi- 
cal Co. in Japanese Patent Publication, TOKKOSHO 
27-5367 (1952). These methods, however, are unfa- 
vorable because of complex procedures for the 
separation and recovery of hydrochloric acid and 
mercapto compounds as well as the obnoxious odor 
resulting from mercapto compounds. The gener- 
ation of Dianin's compound can be reduced by using 
a greater excess of phenol. On the other hand, the 
formation of o.p'-isomer increases and a large 
excess of phenol used must be recovered. 

When commonly used ion exchange resins of the 
strong acid type are employed, by-products are 
produced in a large amount. Particularly when an Ion 
exchange resin is used for the catalyst, the isomeri- 
zation due to crystallization of the adduct of 
bisphenol A and phenol cannot be utilized and thus, 
o,p'-isomer is formed in a much larger amount when 
compared to the use of hydrochloric acid catalyst. 

When the functional groups of the ion exchange 
resin are modified with mercapto groups such as by 



reaction with a mercaptoalkylamine, it has been 
known to markedly decrease the amount of Dianin's 
5 compound produced, o.p'-lsomer, however, is still 
formed as a by-product in a large amount because 
crystallization of the adduct cannot be utilized. 

When an ion exchange resin is used, water formed 
in the reaction leads to insufficient conversion of 

10 acetone. As a result, dehydration of the ion 
exchange resin is needed in every batchwise 
reaction. An enormous amount of the resin is also 
required in a continuous reaction in order to proceed 
with the conversion of acetone to a significant 

15 extent. These results are disclosed by Mitsui Toatsu 
Chemicals, inc. In Japanese Laid-Open Patent 
Publication, TOKKAISHO 61-78741 (1986). 

As mentioned above, previously known processes 
for preparing bisphenol A could not satisfactorily 

20 inhibit the formation of two typical Impurities, 
although these processes have their own character- 
istics, respectively. 

The object of this invention is to provide a process 
for preparing bisphenol A of high purity with a 

25 minimum amount of by-products and impurities 
formed in the reaction as well as the simplest 
procedure in post treatment steps. 

Figure 1 is a flow diagram illustrating an embodi- 
ment of this invention for the preparation of 

30 bisphenol A. 

The present inventors have carried out an Intens- 
ive investigation in order ^ to achieve the above 
mentioned objects. As a result, it has been found 
that the objects of this Invention can be achieved by 

35 reacting a part of the acetone with excess phenol in 
the presence of a specific ion exchange resin and 
then further reacting the resultant reaction mixture 
in the presence of a hydrochloric acid catalyst. Thus 
the present invention has been achieved. 

40 That is, the present invention is a process for 
preparing bisphenol A by the reaction of acetone 
with phenol comprising: 

(a) conducting the reaction of acetone with 
phenol in the presence of a sulfonic acid type 

45 cation exchange resin modified with a mercapto 

group-containing compound to convert 20 to 
600/0 of the acetone in the reaction ; and 

(b) further reacting the resulting reaction 
mixture containing unreacted acetone In the 

50 presence of a hydrochloric acid catalyst. 

In the process of this invention, 1 mole of acetone 
is usually reacted with 4 to 12 moles of phenol 
substantially in the absence of a solvent as a third 
component. The total amount of acetone may be 

55 charged to the first reactor containing the cation 
exchange resin or a part of the acetone may be fed 
to the second reactor containing the hydrochloric 
acid catalyst. Each reaction step may be composed 
of one or several reactors connected with each 

60 other in series or in parallel. The reactors may be 
batchwise or continuous, respectively. A preferred 
embodiment is to continuously carry out the reaction 
using the cation exchange resin catalyst and to feed 
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the reaction mixture successively to a plurality of 
batch reactors containing the hydrochloric acid 
catalyst. The present invention can be most effec- 
tively conducted by applying such a reaction system. 

The first reaction is carried out in the presence of 
the cation exchange resin catalyst. 

The reaction is usually conducted under atmos- 
pheric pressure at a pressure of 5 kg/cm^ and a 
temperature of 30 to 120° C. preferably 50 to 100'=' 
When the reaction temperature is lower than 30° C, 
the reaction rate is too slow. A reaction temperature 
exceeding 120*^0 causes an unfavorable increase of 
by-product formation. The reactors are heated or 
cooled, If necessary. 

The reaction time usually depends upon the type 
of reaction and particularly the reaction temperature. 
For example, in a batch reaction using a stirred 
reactor, the reaction time is usually 0.1 to 10 hours. 
In a piston-flow type continuous reaction using a 
fixed bed catalyst, the reaction is controlled so as to 
obtain a space velocity of 0.1 to 10/hr. Acetone 
conversion ratio of 20 to 6OO/0 can be achieved by 
employing the reaction conditions mentioned above. 

The resin used in the process of this invention is a 
sulfonic acid type cation exchange resin modified 
with a mercapto group-containing compound. 

As to the sulfonic acid type cation exchange resin, 
commercial products usually available in the market 
can be used. Modification with mercapto group 
containing compounds are well known to those 
skilled in the art. The compounds used for the 
modification include, for example, mercaptoalky- 
lamines. thiazalidine compounds and pyridineal- 
kanethiols. These compounds are disclosed by Dow 
Chemicals Co. in Japanese Patent Publication 
TOKKOSHO 46-19953 (1971) and Japanese Laid- 
Open Patent Publication TOKKAISHO 48-71389 
(1973) as well as by Mitsubishi Kasei Ltd. in 
Japanese Laid-Open Patent Publicatiin TOKKAISHO 
57-^5533 (1982). 

The modification method of the resin has been 
known. The modification can be readily carried out 
by neutralizing a part of the sulfonic acid groups with 
mercapto groups as disclosed by Dow Chemicals 
Co. in Japanese Patent Publication 46-19953 (1971) 
and by Shell International Research Ltd. in Japanese 
Laid-open Patent Publication TOKKASHO 53-14680 
(1978). 

The modification ratio is usually 5 to 35 mole 0/0, 
preferably 10 to 20 mole 0/0 of the sulfonic acid 
groups in the resin. A modification ratio lower than 5 
mole 0/0 causes a decrease in the reaction velocity 
and an increase in the Dianin's compound. A 
modification ratio exceeding 35 mole % also leads 
to a decrease in the reaction velocity and conversion 
rate. 

The reaction using the resin catalyst is terminated 
at an acetone conversion of 20 to 6OO/0. When a 
conversion rate of more than 6O0/0 is intended to be 
obtained, the conversion velocity decreases rapidly 
due to the generation of water and a huge amount of 
the catalyst is required as disclosed by Mitsui Toatsu 
Chemicals. Inc. in Japanese Laid-Open Patent 
TOKKAISHO 61-78741 (1986). When the reaction 
proceeds along with continuous removal of gener- 



ated water, a high conversion ratio can be obtained 
by a small amount of the resin, but the amount of 
o,p'-isomer cannot be lowered to less than that 
obtained by the reaction in the presence of resin. 
5 The second reaction is carried out in the presence 
of a hydrochloric acid catalyst. The hydrochloric acid 
catalyst may be supplied as the form of aqueous 
hydrochloric acid, hydrogen chloride or a mixture 
thereof. The reaction can be conducted a known 

10 manner except that the reaction mixture produced in 
the presence of the cation exchange resin catalyst is 
used. The reaction is carried out under agitarion at 
30 to 85° C, preferably at 35 to 60° C. Hydrogen 
chloride may be saturated prior to the reaction or 

15 continuously fed to the reactor. In consideration of 
the exothermic absorption of hydrogen chloride, the 
heat of reaction and the crystallization heat of the 
adduct, it is preferred to feed hydrogen chloride 
both prior to and in the course of the reaction. 

20 Generated heat is removed by external cooling to 
control the reaction temperature within the range 
mentioned above. 

Adduct crystals of bisphenol A and phenol are 
precipitated with the progress of the reaction. The 

25 o,p'-isomer in the solution is isomerized to bisphe- 
nol A accompanied by the crystallization of the 
adduct. Thus the concentration of the o.p'-isomer is 
decreased. The Dianin's compound generates only a 
slight amount because the acetone charged into the 

30 second reaction is in a low concentration. 

Water, catalyst and excess phenol are removed 
from the reaction mixture thus obtained to give 
bisphenol A. 

The resultant bisphenol A is used as the product 

35 as it is or can be subjected to further steps for 
purification and forming to give the product. Color- 
less bisphenol A of high purity can also be obtained 
by removing phenol from the crystallized adduct of 
bisphenol A and phenol. 

40 An example of a flow diagram for carrying out the 
process of this invention will be briefly described by 
way of Figure 1. 

Phenol (1) and acetone (3) are mixed in a mixing 
tank (2) and fed to the reactor (5) containing the 

45 cation exchange resin catalyst. Reaction product 
mixture (6) from the reactor (5) contains unreacted 
acetone. A part (7) of the reaction product mixture 
(6) is mixed with the raw materials and recycled 
again to the first reactor (5). The remainder (8) of the 

50 mixture (6) is transferred to a hydrogen chloride 
absorption column (9) and saturated with hydrogen 
chloride (10). The resultant mixture Is then reacted In 
the second reactor (14) which is a hydrochloric acid 
catalyst reactor. The reaction is conducted for 

55 several hours to react almost all of the acetone. 
Thereafter the reaction product (15) is transferred to 
the purification step. When the amount of hydro- 
chloric acid is insufficient in the course of the 
reaction in the reactor (14) mentioned above, 

60 hydrogen chloride or concentrated hydrochloric acid 
(11) is supplied to the reactor (14). 
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The process of this invention will hereinafter be 
described in detail by way of exampie and com- 
parative examples. 

Example 1 

A sulfonic acid type cation exchange resin was 
used as the catalyst after modifying 120/o of its 
sulfonic acid groups with mercaptoethylamine. The 
catalyst was used in the form of a packed layer 
having a diameter of 30 cm and a length of 200 cm. 

A mixture of 564 kg/hr of phenol and 58 kg/hr of 
acetone was passed through a catalyst layer at 70"* C 
under atmospheric pressure and reacted continu- 
ously. Hydrogen chloride was blown into the reac- 
tion mixture in the hydrogen chloride absorption 
column. The mixture thus obtained was successively 
charged into batch wise reactors every one hour. The 
second reaction was conducted with stirring for 8 
hours. 

The slurry obtained as the reaction product was 
analyzed. Compounds having three aromatic rings 
were almost undetected. The contents of the 
o.p'-lsomer and Dianin's compound in bisphenol A 
were 1.5 wt.o/o and 0.2 wft.o/o, respectively. 

Comparative Example 1 

The product obtained by the reaction in the 
presence of the cation exchange resin catalyst in 
Example 1 was analyzed. The acetone conversion 
ratio was 450/o. The contents of the o.p -isomer and 
Dianin's compound in the formed bisphenol A were 
6.0 wt.o/o and 0.1 wt.o/o, respectively. 

Comparative Example 2 

The same reaction as described in Comparative 
Example 1 was repeated except that twice the 
amount of the catalyst was used. The acetone 
conversion ratio was increased to 55o/o. The con- 
tents of the o.p'-isomer and Dianin's compound in 
bisphenol A were 6.0 wt.o/o and 0.1 wt.o/o, respec- 
tively. That is. no change was observed. 

Comparative Example 3 

The same procedures described in Example 1 
were repeated except the cation exchange resin 
catalyst was omitted. After 8 hours, the acetone 
conversion ratio was 99.0o/o and the contents of the 
o.p'-isomer and Dianin's compound in bisphenol A 
were 1.6 wt.o/o and 0.65 wt.o/o. respectively. After 10 
hours, the acetone conversion ratio was 99.50/o, and 
the contents of the o.p'-isomer and Dianin's com- 
pound in bisphenol A were 1 .5 wt.o/o and 0.7 wt.o/o, 
respectively. 



Claims 



1 . A process for preparing bisphenol A by the 
reaction of acetone with phenol comprising: 

(a) conducting the reaction of acetone 
with phenol in the presence of a sulfonic 
acid type cation exchange resin modified 
with a mercapto group-containing com- 
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pound to convert 20 to SOo/o of the acetone 
in the reaction ; and 

(b) further reacting the resulting reac- 
tion mixture containing unreacted acetone 
5 in the presence of a hydrochloric acid 

catalyst. 

2. The process as claimed In claim 1 wherein 
the mole ratio of acetone to phenol is 1:4 to 
1:12. 

10 3. The process as claimed in claim 1 

wherein 5 to 35 mole o/o of the sulfonic acid 
groups in said cation exchange resin are 
modified with the mercapto group-containing 
compound. 

15 4. The process as claimed in claim 1 wherein 

12 mole o/o of the sulfonic acid groups in said 
cation exchange resin are modified with mer- 
captoethylamine. 

5. The process as claimed in claim 1 wherein 

20 said reaction in the presence of the cation 
exchange resin is conducted at a temperature 
of 30 to 120°C. 

6. The process as claimed in claim 1 wherein 
said reaction in the presence of the hydro- 

25 chloric acid catalyst is conducted at a tempera- 

ture of 30 to 85*' C. 

7. The process as claimed in claim 1 wherein 
the reaction in the presence of the cation 
exchange resin is conducted continuously and 

30 the reaction in the presence of the hydrochloric 

acid catalyst is carried out batchwise. 



35 



40 



45 



50 



55 



60 



4 



ISDOCID:<EP 0319327A1 I > 



EP 0 319 327 A1 



FIG, I 



^3 



'to 



1/ 



/ / 



6 

\ 


1. 












9 




14 










J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Apphcation Number 



EP 88 31 1465 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citiition of document with indication, where appropriate, 
of relevant passages 



US-A-3 418 378 (McNAUGHTON et al . ) 

* Claims 1-7 * 

US-A-4 308 405 (A. KWANTES) 

* Claims 1-2,4-8 * 

CHEMICAL ABSTRACTS, vol. 90, no. 3, 
15th January 1979, page 600, abstract 
no. 22486y, Columbus, Ohio, US; K. 
MACIEJ: "Studies of the condensation of 
phenol with acetone in the presence of 
Wofatit KPS cation exchanger in a 
fluid-steady-state continuous-operation 
reactor" & PRZEM. CHEM. 1978, 57(10), 
516-18 



Relevant 
to claim 



Cl..\SSIFK ATION Of TUl. 
APPIJCA1ION flnu (-L4j 



1,6-7 



1-5 



C 07 C 37/20 
C 07 C 39/16 



TfXHMCAL FIELDS 
SE.4RaiED ant. CIA) 



The present search report has been drawn up for ail claims 



)>l3cc of Karch 



THE HAGUE 



Dale of completion of the search 

09-03-1989 



cf 



CATEGORY OF CITED DOCLT^IEMS 

X : pariicularly relei-ant If taken alone 

^ : particularly relevant if combined with another 

document of the same category 
A : lechnologjcal background 
O : non-written disclosure 
P : intermediate documejit 



C 07 C 37/00 



Examiner 



KLAG M.J. 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the Filing date 
D : document cited in the application 
L : document cited for other reasons 

& ; member of the same patent family, corresponding 
document 



■NSDOCID: <EP 0319327A1 I > 



